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Drug-eluting or bare-metal stents for percutaneous coronary
intervention: a systematic review and individual patient
data meta-analysis of randomised clinical trials
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Marco Valgimigli, on behalf of the Coronary Stent Trialists’ Collaboration

Summary

Background New-generation drug-eluting stents (DES) have mostly been investigated in head-to-head non-inferiority
trials against early-generation DES and have typically shown similar efficacy and superior safety. How the safety
profile of new-generation DES compares with that of bare-metal stents (BMS) is less clear.

Methods We did an individual patient data meta-analysis of randomised clinical trials to compare outcomes after
implantation of new-generation DES or BMS among patients undergoing percutaneous coronary intervention. The
primary outcome was the composite of cardiac death or myocardial infarction. Data were pooled in a one-stage
random-effects meta-analysis and examined at maximum follow-up and a 1-year landmark. Risk estimates are
reported as hazard ratios (HRs) with 95% ClISs. This study is registered in PROSPERO, number CRD42017060520.

Findings We obtained individual data for 26 616 patients in 20 randomised trials. Mean follow-up was 3-2 (SD 1-8)
years. The risk of the primary outcome was reduced in DES recipients compared with BMS recipients (HR 0-84,
95% CI 0-78-0-90, p<0-001) owing to a reduced risk of myocardial infarction (0-79, 0-71-0-88, p<0-001) and a
possible slight but non-significant cardiac mortality benefit (0-89, 0-78-1-01, p=0-075). All-cause death was unaffected
(HR with DES 0-96, 95% CI 0-88-1-05, p=0-358), but risk was lowered for definite stent thrombosis (0-63, 0-50-0- 80,
p<0-001) and target-vessel revascularisation (0-55, 0-50-0-60, p<0-001). We saw a time-dependent treatment effect,
with DES being associated with lower risk of the primary outcome than BMS up to 1 year after placement. While the
effect was maintained in the longer term, there was no further divergence from BMS after 1 year.

Interpretation The performance of new-generation DES in the first year after implantation means that BMS should
no longer be considered the gold standard for safety. Further development of DES technology should target
improvements in clinical outcomes beyond 1 year.

Funding Bern University Hospital.
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Introduction
Percutaneous coronary intervention for the treatment of

efficacy than BMS in limiting the risk of repeat re-
vascularisation.* Evidence from randomised clinical trials

obstructive coronary artery disease is the most commonly
performed cardiovascular procedure and one of the most
frequent interventions in medicine. Drug-eluting stents
(DES) use antiproliferative agents that inhibit neointimal
hyperplasia to reduce the risk of restenosis. These devices
have broadened eligibility for percutaneous coronary
intervention and increased the number of lesion subsets
that can be treated.’

Early-generation DES released sirolimus or paclitaxel
and were associated with similar risks of death and
myocardial infarction as bare-metal stents (BMS), but
with an increased, albeit small, risk of stent thrombosis
beyond 1 year after implantation.”® Later platforms
for DES were aimed at improving safety and efficacy.
New-generation DES reduced the risk of stent thrombosis
compared with earlier versions while retaining greater
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assessed in network meta-analyses suggests that new-
generation DES might also decrease the risk of stent
thrombosis compared with BMS.*¢ Most assessments of
new-generation DES, however, have been head-to-head
non-inferiority comparisons with early-generation DES,
and whether they improve outcomes other than stent
thrombosis and repeat revascularisation compared with
BMS remains unclear. BMS continue to be used in a
sizeable proportion (around 20%) of patients worldwide.”
We did an individual patient data meta-analysis to
investigate outcomes for new-generation DES compared
with BMS.

Methods
The protocol was developed according to the guidelines
of the Preferred Reporting Items for a Systematic
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Research in context

Evidence before this study

We searched PubMed, Embase, and three websites
(www.tctmd.com, www.escardio.org, and www.cardiosource.
com) without language restrictions for randomised trials
reported up to Dec 19, 2017, that compared new-generation
drug-eluting stents (DES) with bare-metal stents (BMS) in
patients undergoing percutaneous coronary intervention.
We used search terms “stents”, “drug-eluting stents”,
“percutaneous coronary intervention”, and “random*”.

Trials were included if at least 90% of patients in the DES group
received new-generation stents. Most of the evidence
supporting the use of new-generation DES for percutaneous
coronary intervention showed superiority to earlier-generation
DES or non-inferiority between different types of
new-generation DES. Little evidence was available from
head-to-head comparisons of new-generation DES and BMS
and did not reveal whether new-generation DES improve clinical
prognostically relevant outcomes, such as myocardial infarction
or cardiac death. Only two studies have shown reduced risk of
myocardial infarction with new-generation DES compared with
BMS. Almost all trials included repeat revascularisation
procedures in the primary endpoint and, therefore, provide
imprecise estimates for less common prognostic factors.

Review and Meta-analysis of Individual Participant Data
Development Group.*

Search strategy and eligibility assessment
We did a meta-analysis of individual patient data from
randomised clinical trials that compared new-generation

26747 studies identified by database searches

| | 131 studies identified from other sources

| 19454 studies after duplicates removed |

v

| 601 screened for eligibility |

581 studies excluded
351 not randomised trials
125 reviews, meta-analyses, or editorials
80 comparisons with early-generation DES
or studies of two new-generation DES
25 other reasons

A 4

20 eligible studies for which IPD sought

v

20 studies included in analysis
26 616 patients included in analysis

Figure 1: Trial profile

DES=drug-eluting stents. IPD=individual patient data.
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We identified 20 trials eligible for the study for which we
requested and obtained individual patient data.

Added value of this study

In this individual patient data meta-analysis of randomised
clinical trials, we found that new-generation DES reduced the
composite primary outcome, risk of cardiac death or myocardial
infarction, compared with BMS. Additionally, we found
reductions in myocardial infarction, definite stent thrombosis,
and target-vessel revascularisation. Cardiac death was
numerically lower with DES than BMS, but did not reach
significance. We identified a time-dependent effect on adverse
events with new-generation DES, including cardiac death,

up to 1year after placement but without further incremental
benefit or loss thereafter. Implantation of DES in the left anterior
descending artery was associated with greater relative risk
reduction for the primary endpoint than other locations.

Implications of all the available evidence

Use of new-generation DES improves efficacy and safety
compared with BMS. This benefit is gained early after
percutaneous coronary intervention and is maintained long
term. The meta-analysis provides strong evidence that BMS
should no longer be considered the gold standard for safety.

DES with BMS in patients undergoing percutaneous
coronary intervention for coronary artery disease. We
defined new-generation DES as any DES subsequent to
the Cypher sirolimus-eluting stent (Cordis, Miami
Lakes, FL, USA) and the Taxus paclitaxel-eluting stent
(Boston Scientific, Natick, MA, USA). Eligible trials had
used new-generation stents in at least 90% of patients
in the DES group. Two investigators (RP and AB)
assessed trial eligibility criteria and a third investigator
(MV) could be consulted if eligibility could not be agreed.
Randomised trials reported up to Dec 19, 2017, were
identified by systematic searches of PubMed, Embase,
and three websites (www.tctmd.com, www.escardio.org,
and www.cardiosource.com; appendix) without language
restrictions. Reference lists of retrieved articles were
searched for additional trials.

Data collection and quality assessment

We contacted the principal investigators of eligible trials to
request data at the patient level in anonymised electronic
datasets (appendix). Data for five randomised trials were
already available from a previous study.” We checked data
for completeness and consistency and compared them
with the results of the original publications. The principal
investigators of the included trials were contacted in case
of missing data or if questions arose during the integrity
checks. Once queries had been resolved, the clean data
were uploaded to the main study dataset. Two investi-
gators (RP and AB) independently assessed the quality of
included trials with the Cochrane Collaboration’s tool for
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assessing risk of bias. Disagreements were resolved first
by discussion and, if necessary, by consulting a third
author (MV) for arbitration. Each trial had been approved
by its local medical ethics committee and all patients had
provided written informed consent.

Outcomes

The prespecified composite primary outcome in this
meta-analysis was cardiac death or myocardial infarction.
Secondary outcomes were all-cause death, cardiac death,
myocardial infarction, definite stent thrombosis, and
target-vessel revascularisation. Outcomes were analysed
at the longest available follow-up in the primary analysis,
at 5 years of follow-up, and at 30-day and 1-year land-
marks.

Data analysis

Continuous variables were summarised by their means
and SDs across all included patients. The two treatment
groups were compared with ANOVA stratified by trial.
Categorical variables were summarised by the corres-
ponding counts and percentages and were compared
with the Cochran-Mantel-Haenszel test stratified by trial.

All outcomes were analysed with time-to-event analyses.
We first summarised the data with unadjusted Kaplan-
Meier estimates at the longest available follow-up then did
a series of random-effects meta-analyses of individual
patient data. All analyses were done by intention to treat.
Pooled risk estimates were expressed as hazard ratios
(HRs) with 95% CIs. For the primary analysis, we used a
one-stage meta-analysis model® for which we synthesised
individual patient data from all trials simultaneously while
preserving the random allocations in the original trials. In
sensitivity analyses we used a two-stage approach and
analysed the data from each study independently with a
Cox regression model. We then combined the study-
specific logarithms of the HRs and the corresponding SEs
at the second stage with the DerSimonian-Laird random-
effects model and using the Hartung-Knapp variance
estimator." We also did a one-stage fixed-effect analysis
with a Cox regression model stratified by trial.

For the one-stage meta-analysis of individual patient
data we assessed the extent of heterogeneity by assessing
the estimated SD of random effects (t). For the two-stage
meta-analysis we visually inspected the forest plots
and calculated the I2 statistic.? To account for t in
the uncertainty around the pooled risk estimates,
we calculated 95% prediction intervals for HRs.” The
number needed to treat for benefit was derived from the
inverse of the absolute risk reduction. We did a landmark
analysis by setting 1 year as the landmark and derived the
p value of the interaction for effect modification by period
(appendix).*

Possible sources of heterogeneity in treatment effect
were explored by assessing the effects of prespecified
variables on the primary outcome with a one-stage
individual patient data meta-analysis model with
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Drug-eluting stents Bare-metal stents p value
(n=14070) (n=12546)
Age (years) 657 (12:3) 663 (12:4) 0-458
Sex 0-067
Men 10542/14069 (74-9%) 9269/12543 (73-9%)
Women 3527/14069 (25.1%) 3274/12543 (24.1%)

Smokers 4277/13 654 (313%) 3809/12149 (31-4%) 0-092

Hypertension 8259/14 029 (58-9%) 7324/12500 (58-6%) 0-156

Hyperlipidaemia 7904/13731 (57-6%) 6974/12208 (57-1%) 0-208

Diabetes 2740/14046 (19-5%) 2344/12 525 (18-7%) 0069

Insulin-treated 446/2677 (16:7%) 378/2323 (16-3%) 0-426

Previous MI 2143/14 025 (15-3%) 2007/12 505 (16-0%) 0-548

Previous PCI 1901/9950 (19-1%) 1806/8507 (21-2%) 0-074

Previous CABG 905/14 060 (6-4%) 1004/12 541 (8-0%) 0-605

Indication for PCI

Stable CAD 4047/13927 (29-1%) 3644/12 408 (29-4%) 0-907
Unstable angina 1959/14 012 (14-0%) 1871/12 478 (15-0%) 0956
Non-ST-segment elevation Ml 3479/13 975 (24-9%) 3164/12 462 (25:4%) 0-636
ST-segment elevation MI 4105/13922 (29-5%) 3427/12 406 (27-6%) 0-522

Glycoprotein lIb/llla receptor 2781/12344 (22-5%) 2378/11020 (21-6%) 0-420

inhibitors

Multivessel disease 5837/13517 (43-2%) 4968/11993 (41-4%) 0239

Number of implanted stents 1.6 (1.0) 1:6 (1-0) 0391

Total stent length (mm) 28-4(19-5) 26:9 (18-2) <0-001

Mean stent diameter (mm) 3-3(0:5) 3-3(0-6) <0-001

Overlapping stent 2395/13403 (17-9%) 2152/11877 (18-1%) 0-201

Number of stented segments 0-088

0 5/14 052 (<1-0%) 5/12524 (<1-0%)
10297/14052 (73-3%) 9231/12524 (73-7%)
2 2758/14 052 (19-6%) 2480/12524 (19-8%)
3 751/14052 (5:3%) 608/12524 (4-9%)
4 188/14.052 (1-3%) 141/12524 (1-1%)
5 40/14052 (<1-0%) 52/12524 (<1-0%)
6 10/14 052 (<1-0%) 6/12524 (<1-0%)
7 3/14052 (<1-0%) 1/12 524 (<1-0%)

Target-vessel location

Left main artery 1022/13968 (7-3%) 591/12 463 (4-7%) 0-499

Left anterior descending 6476/13968 (46-4%) 5805/12 463 (46-6%) 0-859

artery

Left circumflex artery 4047/13968 (29-0%) 3433/12 463 (27-5%) 0-51

Right coronary artery 5260/13 968 (37:7%) 4674/12 462 (37-5%) 0-279
Thin-strut stent (<100 pm) 11198/14 046 (79-7%) 10681/12 526 (85-3%) <0001
Type of P2Y,, receptor inhibitor 0-919

None 1/12123 (<1-0%) 3/10 814 (<1-0%)

Clopidogrel 10726/12123 (84-8%) 10217/10 814 (90-0%)

Ticagrelor 89/12123 (<1-0%) 63/10814 (<1-0%)

Prasugrel 1837/12123 (14-5%) 1069/10814 (9-4%)

Duration of DAPT (days) 2917 (180-4) 244-2 (175:9) <0-001
Data are mean (SD) or n/N (%). Ml=myocardial infarction. PCl=percutaneous coronary intervention. CABG=coronary
artery bypass graft. CAD=coronary artery disease. DAPT=dual antiplatelet therapy.

Table 1: Baseline and procedural characteristics

treatment-covariate interactions (appendix).” We fitted a
separate model for each covariate. The prespecified
variables were age (analysed as a continuous variable),
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Drug-eluting  Bare-metal Hazard ratio pvalue <t

stents stents (95% CI)

(n=14070) (n=12546)
Longest available follow-up
Cardiac death or MI 1371 (145%) 1472 (167%)  0-84(078-0.90)  <0-001  0-003
All-cause death 1031 (11:0%) 996 (12:0%)  0-96 (0-88-1-05) 0358  0-004
Cardiac death 494 (4-8%) 503(5-8%)  0-89(0:78-1:01) 0075  0-003
MI 1020 (11.7%) 1124 (13-6%) 079 (071-0-88)  <0-001  0-070
Target-vessel revascularisation 920 (9-6%) 1448 (15:0%)  0-55(0-50-0-60)  <0-001 0-003
Definite stent thrombosis 125 (1-2%) 173(17%) 063 (0:50-0-80) <0001  0-008
5 years of follow-up
Cardiac death or Ml 1345 (12:5%) 1446 (142%)  0-83(0-78-0-90)  <0-001  0-003
All-cause death 1013 (9-8%) 974 (10-4%)  0-95(0-88-1-05) 0400  0-004
Cardiac death 490 (46%)  492(4-9%)  090(079-1:03) 0116  0-003
MI 994 (9-6%) 1099 (11-0%) 0-78 (0-72-0-88) <0-001 0-056
Target-vessel revascularisation 904 (8-4%) 1436 (13-4%)  0-54(0-50-0-59)  <0-001 0-003
Definite stent thrombosis 123 (11%) 171 (1-6%) 0-63(0-50-0-80)  <0-001 0-008
1-year follow-up
Cardiac death or MI 829 (6:0%) 989 (8:0%) 0-74 (0-67-0-81)  <0-001 0-003
All-cause death 499 (3-5%) 495 (4-0%) 0-94 (0-81-1-04) 0197  0-003
Cardiac death 301 (2:2%) 331(27%)  0-82(0:70-0-96)  0-016  0-003
MI 591 (4-3%) 746 (6-0%) 0-69 (0-62-0-78)  <0-001 0-070
Target-vessel revascularisation 547 (4-0%) 1073 (8-8%) 0-43(0-39-0-48)  <0-001 0-015
Definite stent thrombosis 83 (0-6%) 137 (11%) 0-52 (0-40-0-69)  <0-001 0-008

Mi=myocardial infarction.
Table 2: Results of one-stage meta-analysis.
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sex, diabetes, clinical presentation at the time of
percutaneous coronary intervention, multivessel disease,
stent placement in the left anterior descending artery,
overlapping stents, number of implanted stents, mean
stent diameter, use of glycoprotein IIb/IIla receptor
inhibitors, and use of newer P2Y, receptor inhibitors
(ticagrelor or prasugrel). In a sensitivity analysis we also
fitted an individual patient data model that separated the
within-trial and across-trial treatment-covariate inter-
actions to avoid ecological bias.”

All p values were based on two-sided tests and the
threshold for significance was 0-05 in all analyses.
We used Stata Statistical Software version 14 and
R version 3.2.1 for all statistical analyses.

We did sensitivity analyses from which we excluded
patients who received early-generation DES or thick-strut
BMS (thickness >100 pm). A landmark analysis with
two timepoints (30 days and 365 days) was also done to
appraise the differential contribution of very early stent
failure events, particularly thrombotic events, as opposed
to those occurring in between 30 days and 1 year, which are
generally related to an abnormal healing process leading
to neointimal hyperplasia (appendix). This study was
registered with PROSPERO, number CRD42017060520.

Role of the funding source
The funder of the study had no role in data collection,
data analysis, data interpretation, or writing of the report.

The corresponding author had full access to the data and
had final responsibility for the decision to submit for
publication.

Results

We screened 19454 unique citations. Of these, 601 were
judged to be potentially eligible by screening of titles and
abstracts, and after full-text review 20 were deemed
eligible (figure 1). Individual patient data were sought and
obtained for all 20 studies, which therefore contributed
to the meta-analysis (appendix). Trial characteristics,
populations of patients, and the definitions used for
outcomes are described in the appendix. We obtained
data for 26616 participants of whom 14070 (53%) had
been assigned to receive DES and 12546 (47%) to receive
BMS. Baseline clinical characteristics were largely
balanced between the two study groups (table 1). Slightly
more men than women were allocated to DES than BMS,
and BMS tended to have larger diameters and shorter
lengths than DES. Trials were generally judged to have
low risk of bias, although treatment was masked for
patients and physicians in only four trials (appendix).

Most patients received thin-strut stents, although these
were less frequently implanted in the DES group than
in the BMS group (table 1). Among patients who received
DES, 7526 (53-5%) of 14070 received everolimus-eluting
stents, 2407 (17-1%) received zotarolimus-eluting stents,
2641 (19-3%) received biolimus-eluting stents, and
375 (2-8%) received sirolimus-eluting stents (appendix).
Early-generation DES were implanted in 1-4% of
patients. In the BMS group, about 80% of patients
received seven of the 21 different devices used (appen-
dix). Duration of dual antiplatelet therapy was on average
50 days longer after DES than BMS (table 1).

The maximum length of follow-up ranged from
1 to 6 years (mean 3-2 [SD 1-8] years, median 2-1,
IQR 1-9-4-9). The duration was 2 years or more in
14 trials and at least 5 years in six trials. Ten trials reported
non-industry sponsorship (appendix).

At longest available follow-up, the risk of the primary
outcome of cardiac death or myocardial infarction was
significantly improved in the DES compared with the
BMS group (14-5% vs 16-7%, HR 0-84, 95% CI
0-78-0-90, p<0-0001; table 2, figure 2). The number
needed to treat for benefit was around 46. DES were
associated with a reduced risk of myocardial infarction
compared with BMS, whereas DES and BMS did not
differ for cardiac death or all-cause death (table 2,
figure 2). Compared with BMS, DES were associated
with reduced risk of definite stent thrombosis and target-
vessel revascularisation (table 2, figure 2). Risk estimates
for primary and secondary outcomes at 5 years of follow-
up were consistent with those observed at time of longest
follow-up (table 2).

In the landmark analysis, for the primary outcome we
saw significant heterogeneity in the treatment effects of
DES and BMS before and after 1 year ( <0-0001).

pmteraction
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Compared with BMS, DES were associated with reduced
risk of cardiac death or myocardial infarction up to but
not beyond 365 days (figure 3, appendix). DES use was
also associated with reduced risks of all the secondary
outcomes up to 1 year with no detectable change in
treatment effect thereafter (figure 3, appendix). In the
sensitivity analysis with two landmark timepoints, DES
were associated with reduced risks in the first 30 days
and from 31 to 365 days for the primary outcome and
the secondary outcomes myocardial infarction, definite
stent thrombosis, and target-vessel revascularisation
(appendix).

DES consistently improved the primary outcome at
the longest available follow-up for all subgroups with
a quantitative interaction for target-vessel location
(figure 4). There was strong evidence that DES lower the
risk of cardiac death or myocardial infarction among
patients undergoing stent implantation in the left ante-
rior descending artery, but more modest effects were
seen in other coronary vessels.

We did not find clinically important heterogeneity in
any meta-analyses. At the longest follow-up we found
moderate heterogeneity for myocardial infarction that
led to a non-significant prediction interval (appendix).

The main results of the individual patient data meta-
analysis remained consistent with the two-stage random-
effects approach and the one-stage fixed-effect approach
(appendix). Results for primary and secondary outcomes
remained unchanged after excluding 115 patients who
had received the Cypher DES, 90 patients who had
received the Taxus DES, and 1838 patients who received
thick-strut BMS (appendix). In a sensitivity analysis,
we fitted a model including within-study and across-
study interactions between treatment and target-vessel
location. Results were similar to those obtained by
the model including only a within-studies interaction
(Pinteracion=0- 018).

Discussion

The data we obtained from randomised clinical trials
yielded strong evidence that use of DES reduced the risk
of cardiac death or myocardial infarction compared with
BMS at the mean follow-up time of 3-2 years and at
5 years. This benefit was mainly due to a decreased risk
of myocardial infarction in recipients of DES compared
with BMS. The use of DES was also associated with a
significantly reduced risk of definite stent thrombosis
and target-vessel revascularisation at the longest available
follow-up and at 5 years.

Introduced in 2002, DES represented a paradigm shift
in the treatment of patients undergoing percutaneous
coronary intervention by greatly lessening the need for
repeat revascularisation compared with BMS. However,
safety concerns were raised due to an excess of very late
(>1 year) thrombotic events with early-generation DES.
New-generation DES included a broad range of refine-
ments, including the use of lower antiproliferative drug
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Figure 2: Outcomes at longest follow-up
(A) Cardiac death or myocardial infarction (primary outcome). (B) All-cause death. (C) Cardiac death.
(D) Myocardial infarction. (E) Definite stent thrombosis. (F) Target-vessel revascularisation. BMS=bare-metal
stents. DES=new-generation drug-eluting stents.
loads, the omission of paclitaxel as antiproliferative
agent, thinner metallic stent struts, more biocompatible
durable or biodegradable polymers, and polymer-free
stents. Nevertheless, controversy remains as to whether
these devices affect prognostically relevant endpoints,
such as death or myocardial infarction.
In the Clinical Evaluation of the Xience-V Stent in
Acute Mpyocardial Infarction Trial,® which included
1498 patients with acute myocardial infarction, the risk of
all-cause death was significantly reduced with DES
compared with BMS at 5 years of follow-up. This
difference was mainly related to a decrease in non-
cardiac fatalities. It was speculated that DES prevented
stent thrombosis and repeat revascularisation, leading to
fewer readmissions to hospital and other complications,
including infections and sepsis, which were the second
major cause of non-cardiac death in the trial." Conversely,
the Norwegian Coronary Stent Trial,” which included
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DES (%) BMS (%) HR (95%Cl) p value Pinteraction
(n=14070) (n=12546)
Cardiac death or myocardial infarction
Overall 1371 (14-5%) 1472 (16:7%) 0-84 (0-78-0-90) <0-001 » <0-001
0-365 days 829 (6:0%) 989 (8-0%) 074 (0-67-0-81) <0-001 N
>365 days 542 (9-1%) 483 (9-5%) 1.04 (0-92-1-18) 0490
All-cause death
Overall 1031 (11.0%) 996 (12:0%) 0-96 (0-88-1.05) 0358 0368
0-365 days 499 (3-6%) 495 (4-0%) 0-92(0-81-1-04) 0197
>365 days 532 (7-7%) 501 (8-3%) 1.00 (0-88-1-13) 1.00
Cardiac death
Overall 494 (4-8%) 503 (5-8%) 0-89 (0:78-1.01) 0-075 - 0079
0-365 days 301 (2:2%) 331 (2:7%) 0-82 (0-70-0-96) 0016 .
>365 days 193 (2:6%) 172 (3-1%) 103 (0-84-1-26) 0-794 ——
Myocardial infarction
Overall 1020 (11-7%) 1124 (13-6%) 079 (0-71-0-88) <0-001 - <0-001
0-365 days 591 (4-3%) 746 (6-0%) 0-69 (0-62-0-78) <0-001 E o
>365 days 429 (7:7%) 378 (8:0%) 1.06 (0-93-1-22) 0384 .
Definite stent thrombosis
Overall 125 (1-2%) 173 (1.7%) 0-63 (0-50-0-80) <0-001 —— <0-001
0-365 days 83 (1-0%) 137 (11%) 0-52 (0-40-0-69) <0-001 —
>365 days 42 (1-0%) 36 (1-0%) 1.07 (0-68-1.68) 0764 ——
Target-vessel revascularisation
Overall 920 (9-6%) 1448 (15-0%) 0-55 (0-50-0-60) <0-001 - <0-001
0-365 days 547 (4-0%) 1073 (8-8%) 0-43 (0-39-0-48) <0:001 »
>365 days 373 (5-8%) 375 (6-8%) 0-88 (0-76-1.01) 0.077 .
0-I25 O!S 1.00 2~I00
+— —>
Favours DES Favours BMS

Figure 3: Outcomes in 1-year landmark analysis

The p values for interaction are calculated for 0-365 days versus after 365 days based on the HRs and 95% Cls. BMS=bare-metal stents. DES=new-generation

drug-eluting stents. HR=hazard ratio.

9013 patients, found no benefit with DES for all-cause
or cardiac mortality or for myocardial infarction.
Nevertheless, the risk of definite stent thrombosis was
reduced by 36% with DES compared with BMS.

The perceived greater safety and lower cost of BMS
compared with new-generation DES mean that BMS
continue to be implanted in 20% of patients aged
65 years or older undergoing percutaneous coronary
interventions.” While European Society of Cardiology
guidelines no longer recommended the use of BMS,*
a similar position has not been taken by the American
College of Cardiology and American Heart Association,
whose latest guidelines were published in 2011.”

Our individual patient data meta-analysis provides
robust evidence that the use of DES reduced the risk of
myocardial infarction by 21% compared with BMS. This
finding is important because in only two of the 20 trials
we analysed had this outcome been significantly
reduced.®* Of note, those two studies recruited mainly®
or exclusively” patients deemed to be at high risk of
bleeding and mandated dual antiplatelet therapy for
1 month irrespective of the stent used. Hence, the
argument that DES implantation lowers the frequency of
myocardial infarction because of concomitant longer
duration of dual antiplatelet therapy than in BMS

recipients seems invalid. The decreased hazard of
myocardial infarction with DES is biologically plausible
given the concurrent reductions in stent thrombosis and
target-vessel revascularisation. The clinical correlate in
more than 90% of patients with stent thrombosis or
myocardial infarction is death,” and roughly a third of
patients with in-stent restenosis who need repeat
revascularisation in a target vessel are admitted with
acute coronary syndrome.” Furthermore, restenosis after
coronary stenting has been associated with increased
risk of mortality in cohorts undergoing angiographic
surveillance.” Even elective and uncomplicated revas-
cularisation in the targe vessel is associated with an
increased risk of mortality, partly due to increased risk of
myocardial infarction following repeat revascularisation
procedures.”

We found no evidence that the use of DES affects all-
cause mortality, and cardiac deaths were only marginally
(and non-significantly) lower with DES than with BMS
at the longest available follow-up. In our individual
patient data analysis, 2027 fatal events were included
among which only 997 (49-2%) were from cardiac
causes. Thus, deaths among patients undergoing
percutaneous coronary intervention were due mainly to
non-cardiac causes, particularly during longer-term
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follow-up, and were unlikely to be preventable by a
specific type of coronary stent. These findings align well
with registry data from the past two decades that have
shown pronounced temporal switches from pre-
dominantly cardiac to predominantly non-cardiac causes
of death after percutaneous coronary intervention.”

As well as the primary outcomes, we identified
significant time-dependent treatment effects on
myocardial infarction, definite stent thrombosis, and
target-vessel revascularisation. The risk of cardiac death
was also significantly reduced in DES recipients in the
first year after implantation, but interaction testing was
not significant. It seems plausible that an early cardiac
mortality benefit diminishes over time due to non-stent
related fatalities.

The observation that beneficial effects of DES on safety
endpoints, including myocardial infarction and definite
stent thrombosis, accrued only within the first year
after treatment, even within 30 days, with no further
incremental benefit or loss thereafter deserves particular
attention. First, it suggests that contemporary DES
technology is less prone to early thrombotic events after
implantation and confirms the reduced risk of non-fatal
ischaemic events associated with a fall in intimal
hyperplasia compared with in BMS recipients. Second, it
supports the resolution of long-term safety issues seen
with early-generation DES. Third, outperformance in
the primary endpoint of BMS by contemporary DES
technology in the first year after implantation without
further comparative improvements means that BMS
should no longer be considered the gold standard for
safety. The focus of future DES technology should target
clinical outcome improvements beyond 1 year.

A further strength of this individual patient data meta-
analysis was the opportunity to explore the treatment
effects of DES compared with BMS across several
subgroups. We found no interaction between the primary
outcome and any patient or lesion characteristic except
for target-vessel location. The primary outcome was
reduced most with DES than BMS among patients
who underwent percutaneous coronary intervention in
the left anterior descending artery with no difference
between stent types for other locations. The myocardial
territory supplied by the left anterior descending artery is
larger than other vessels (45-55% of the left ventricle)
and, therefore, this subgroup of patients probably derived
greater benefit from the prevention of restenosis and
stent thrombosis with DES than with BMS.

The results of this study should be interpreted in view
of several limitations. First, there are inherent limitations
in patient-level, pooled analyses that reflect the short-
comings of the original studies. Second, although the
number of different types of DES was limited and more
than 50% of patients received everolimus-eluting stents,
a mixture of devices was used in the DES group. Third, a
small number of patients received early-generation DES
that are associated with poorer safety and efficacy than
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HR (95% CI) p VaIUe Pinteraction
Age 0757
50years 0-86 (0-74-1-00) 0-051 —
65 years 0-85 (0-78-0-92) <0-001 -
80 years 0-84 (0:76-0-92) <0-001 B
Sex 0-667
Women 0-82(0-71-0-94) 0-006 ——
Men 0-85(0:78-0-93) <0-001 -
Diabetes 0-483
Yes 0-87 (0-76-1-02) 0-071 .
No 0-82 (0-76-0-90) <0001 R
Clinical presentation 0772
Stable CAD 0-82(0-70-0-95) 0:009 ——
ACS 0-84 (0-76-0-92) <0-001 -
Multivessel disease 0180
Yes 0-80 (0-72-0-89) <0-001 B
No 0-88 (0-79-0-99) 0-030 1
PClon LAD artery 0-012
Yes 0-76 (0-68-0-85) <0-001 -
No 0-92 (0-83-1:03) 0-149 —
Overlapping stents 0-865
Yes 0-82 (0-71-0-95) 0-009 ——
No 0-83 (0-76-0-91) <0-001 B
Number of implanted stents 0-080
One stent 0-89 (0-80-0-99) 0-035 —
Two stents or more 0-78 (0-70-0-87) <0-001 —-
Mean stent diameter 0142
>3 mm 0-85(0:79-0-92) <0-001 L
<3mm 0-68 (0-52-0-91) 0-009 —a—
Glycoprotein lIb/llla inhibitor 0-263
Yes 0-90 (0-77-1:07) 0231 —
No 0-81(0-74-0-89) <0-001 -
Ticagrelor or prasugrel 0-711
Yes 074 (0-54-0-98) 0-037 ——
No 078 (0-67-0-90) <0-001 ——
0-:50 1.00 2-2)0
<+— —>
Favours DES Favours BMS

Figure 4: Subgroup analysis and meta-regressions for the primary outcome

ACS=acute coronary syndrome. BMS=bare-metal stents. CAD=coronary artery disease. DES=new-generation
drug-eluting stents. HR=hazard ratio. LAD=left anterior descending. PCl=percutaneous coronary intervention.

new-generation DES and are no longer used in clinical
practice. Nevertheless, our findings were unchanged
after the exclusion of these patients. Fourth, although
there was no signal of a difference between DES and
BMS beyond 1 year, the mean follow-up in our individual
patient data analysis was about 3 years. Longer follow-up
is needed to confirm the durability of the observed
benefit. Fifth, the effect of stent selection on the type of
myocardial infarction could not be assessed because
many of the included studies did not collect this
information. Finally, we did not adjust or account for
post-randomisation covariates, such as actual duration
of dual antiplatelet therapy, to avoid violating the
principle of randomisation. However, several trials are
addressing the efficacy and safety of abbreviated
antiplatelet regimens after contemporary percutaneous
coronary intervention.”

2509




Articles

2510

This collaborative meta-analysis, which was based on
the totality of available randomised data, showed that the
use of new generation DES rather than BMS is associated
with a sustained reduction in the risk of cardiac death or
myocardial infarction. We identified time-dependent
treatment effects that were characterised by reduced risk
of the composite endpoint during the first year after
implantation without an off-setting effect during the
subsequent years.
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